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Abstract  
Post-Medieval London (16th-19th centuries) was a stressful environment in which to be poor. 
Overcrowded and squalid housing, physically demanding and risky working conditions, air and 
water pollution, inadequate diet, and exposure to infectious diseases created high levels of 
morbidity and low life expectancy. All of these factors pressed with particular severity on the 
lowest members of the social strata, with burgeoning disparities in health between the richest and 
poorest. Fetal, perinatal and infant skeletal remains provide the most sensitive source of 
bioarchaeological information regarding past population health and in particular maternal well-
being. This chapter examined evidence for chronic growth and health disruption in 136 fetal, 
perinatal and infant skeletons from four low status cemetery samples in post-Medieval London. 
The aim of this study was to consider the impact of poverty on the maternal/infant nexus, 
through an analysis of evidence of growth disruption and pathological lesions. The results 
highlight the dire consequences of poverty in London during this period from the very earliest 
moments of life.  
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Post-Medieval London (16th-19th centuries) was a thriving urban centre which witnessed rapid 
population expansion, particularly during the Industrial Revolution (Beier 1978; DeWitte et al. 
2016; Lewis 2002a). Throughout the post-Medieval period London was an important global 
centre for trade and migration, and the Industrial Revolution heralded a new technological age, 
which provided unrivalled economic potential (Storey 1992). Despite this progression and a 
burgeoning middle class, social inequalities between the richest and poorest members of society 
continued to widen throughout this period, particularly throughout the 19th century (Lewis 
2002b; Lindert 1994; Storey 1992).  
 
For the poor, the reality of life in post-Medieval London was that of an overcrowded and 
unsanitary urban centre, with squalid living and working conditions and inadequate nutrition 
(DeWitte et al. 2016; Forbes 1972). The capital held a strong attraction for economic migrants 
(Beier 1978), most typically relocating from pastoral and agricultural occupations. However, the 
jobs in London were often temporary and/or piecemeal, and the accommodation and food was 
expensive compared to the rural areas (Beier 1978; DeWitte et al. 2016). Areas of slum housing 
were notorious hotspots for disease and infection as a result of the insanitary living conditions 
(Beier 1978). Houses were divided up for rent by opportunistic landlords resulting in numerous 
people sharing rooms and even the cellars were considered habitable enough to let (Beier 1978; 
Boulton 2000).  
 
Marked disparities in socioeconomic status (SES) are known causative factors of growth and 
health disruption in childhood, influencing early life morbidity and mortality (Babones 2008; 
Bogin and Loucky 1997; Cavigelli and Chaudhry 2012; García et al. 2017; Farmer 1996; 
Saunders and Hoppa 1993; Schell 1997; Thorsell and Nätt 2016;). As a result, adversity often 
manifests within the growing body and skeleton, meaning that the archaeological analysis of 
human remains can provide unique insights into socially-mediated risk factors for disease (e.g. 
De la Rúa et al. 1995; DeWitte et al. 2016; Ives and Humphrey 2017; Lewis and Gowland 2007; 
Pinhasi et al. 2006). Typically, higher SES correlates with healthier, larger and taller offspring 
and thus delayed growth and pathological lesions (as evidence of health disruption) are useful 
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proxies to assess the impact of SES (Bogin 2001). This is because social status mediates resource 
access; the higher the socioeconomic status of the individual, the greater the availability of 
nutritious food and better living and working conditions, all of which improve physiological and 
psycho-social well-being (Floud et al. 1990; Halfon et al. 2014; Martorell and Habicht 1986; 
Mays et al. 2009; Nicholas and Steckel 1991; Robb et al. 2001; Schell 1997; Stinson 2000; 
Steckel 2009).  
 
Social status continues to be one of the strongest determinants of health today, with those at the 
very bottom of the social ladder often experiencing vastly poorer health and shorter life 
expectancies than those at the top (Farmer 1996; Marmot 2005). Today, in low socioeconomic 
groups, average infant mortality is estimated to be 52 per 1000 live births (World Health 
Organization 2018). This is over thirteen times the current rate of infant mortality in the UK (3.8 
per 1000 live births), and eight times the current rate in the USA (5.8 per 1000 live births); both 
countries considered representative of high socioeconomic status regions (World Health 
Organization 2018). It was estimated in 2010 that up to 32.4 million babies were born into the 
world in an already undernourished condition (Oxford University News 2014). Consequently, 
despite modern clinical interventions and increased awareness of what is required to secure good 
health, social disparities in resource access is still one of the biggest factors in determining birth 
and health outcomes (Cavigelli and Chaudhry 2012; Phelan et al. 2010; Robertson et al. 2013).  
 
The first 1000 days of life have been characterised as a period developmental plasticity and 
heightened susceptibility to adversity (Barker et al. 2002).  The skeletal remains of fetal (< 36 
gestational weeks of age (GWA)), perinatal (36 - 44 GWA) and infant (44 GWA to 1 year of 
age) individuals therefore reflect the consequences of social inequalities most severely. The 
bioarchaeological analysis of non-adult skeletal remains has proliferated over recent decades 
(Halcrow and Tayles 2008; Humphrey 2000a; Lewis 2002a; 2002b; Mays et al. 2017). Despite 
this, fetal, perinatal and infant individuals continue to be under-represented in the literature 
(Halcrow and Tayles 2008; Halcrow et al. 2017; Kamp 2015; Lewis 2018; Sánchez Romero 
2017). Given the inter-connectivity of the infant/mother nexus and developmental plasticity in 
early life, the analysis of these youngest individuals can provide unparalleled insight into pre- 
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and postnatal experiences within different socio-cultural and economic milieu (Agarwal 2016; 
Baxter 2005; Halcrow and Ward 2017; Lewis 2007; Scheuer and Black 2000a).   
 
Several bioarchaeological studies have considered growth and health in London during the post-
Medieval period (e.g. Beaumont et al. 2013; DeWitte et al. 2016; Ogden et al. 2007; Newman 
and Gowland 2017; Nitsch et al. 2011). However, despite this abundance of research, few studies 
have considered the fetal, perinatal and infant individuals in detail. Thus, this chapter presents 
the first study to consider fetal/infant and maternal health in relation to social inequity during this 
dynamic period in London’s history. 
 
Burial in Post-Medieval London 
 
In total, 136 fetal/infant individuals were analysed for evidence of growth disruption and 
pathological lesions from four post-Medieval sites, which included Broadgate, St Bride’s Lower, 
Cross Bones and St Thomas’ Hospital, curated by the Museum of London (Table 1.).  
 
Broadgate was a municipal cemetery founded in AD 1569 by the City of London to relieve 
overcrowding in the adjacent parish cemeteries (Museum of London 2015; Schofield and 
Maloney 1998). This new churchyard became the burial place predominantly for the poorer 
classes (Harding 2002). Excavations revealed that the burials were tightly packed, with as many 
as eight individuals per cubic meter in some areas (Dyson et al. 1987; Schofield and Maloney 
1998). Most individuals recovered had not been buried in coffins, again reflecting the lowly 
social status of the people buried here.  
 
St Bride’s Lower was similarly formed in response to congestion and overcrowding of the 
original churchyard (Upper Ground cemetery) associated with St Bride’s to the south (Kausmally 
2008; Miles and Conheeney 2005). This alternate cemetery was used throughout the 17th to 19th 
centuries by those who lived in the parish of St Bride’s (Kausmally 2008). The Lower 
churchyard was the cheapest burial place in the parish and, while not a desirable burial location, 
was heavily used throughout the 18th and 19th centuries (Miles and Conheeney 2005). In 
addition, some of those buried in St Bride’s Lower cemetery were likely to have been inmates in 
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the adjacent Bridewell Workhouse and Fleet Prison (Kausmally 2008; Miles and Conheeney 
2005). During excavation, individual grave cuts were difficult to identify due to the densely 
packed nature of the burial ground and the constant inter-cutting of graves to accommodate more 
burials (Miles and Conheeney 2005). 
 
Cross Bones Cemetery, located in Southwark (Brickley et al. 1999), was a burial place 
considered to be for the poorest individuals living in London at this time. It is thought to have 
originally been an unconsecrated burial ground for women working in brothels on Bankside 
(Brickley et al. 1999; Mikulski 2007). The burial ground came into ‘proper’ use in 1760, and 
until its closure in 1853, remained a pauper cemetery (Brickley et al. 1999; Mikulski 2007). 
Again, due to the densely packed nature of the burials the identification of individual grave-cuts 
during excavation was challenging. 
 
St Thomas’ is a 17th century burial ground associated with St Thomas’ Hospital (Jones 1991). 
Excavation revealed a series of three mass burial trenches dating to the 17th century. The burials 
excavated from this site are considered to be either those of paupers or victims of an epidemic 
event (Bekvalac 2007); there is evidence of rapid burial, with little or no soil found between the 




The human body is highly labile and physiological plasticity refers to the ability of an individual, 
group or population to change size and shape in response to environmental stimuli, be that 
positively or negatively (Bogin and Loucky 1997; Bogin and Rios 2003; Bogin 2001; Goodman 
and Martin 2002; Clukay et al. 2018). During the early years of growth and development the size 
and shape of the human skeleton is particularly plastic (Bogin and Rios 2003). The nature of cell 
development and the constant need to exchange, replace and renew constituents of those cells, 
and develop new cells, means the body is always influenced by the environment. Therefore, the 
constant turnover of cells and the dynamic state of the body allows us to continually interact, 




It has long been considered that there are ‘critical periods’ of human growth and development, in 
which particular environmental stimuli have greater impact, channelling growth in accordance to 
these benefits and/or limitations (Cameron and Demerath 2002; Gluckman and Hanson 2005; 
Hahn 1972; Helfrecht et al. 2017; Kuzawa and Quinn 2009). The first 1000 days of life – from 
conception through to infancy – have been identified as the most fundamental for developmental 
plasticity (Barker 2012; Said-Mohamed 2018), making them the most influential in shaping 
future growth and health (Holdsworth & Schell 2017). Fetal, perinatal and infant individuals are 
consequently the most vulnerable to a variety of social and environmental onslaughts (Bogin 
2001; Dancause et al. 2012; Kuzawa and Quinn 2009; Kuzawa and Sweet 2009; Lejarraga 2012; 
Oestreich 2008; Mays et al. 2009; Winick et al. 1972).  
 
To identify growth disruption in bioarchaeology, it is necessary to calculate both dental and 
skeletal age-at-death estimates to identify variation between the two. Dental development is 
widely utilised to infer chronological age-at-death of non-adult individuals (AlQahtani et al. 
2014; Hillson 2005; Lewis 2007; Moorrees et al. 1963b). Teeth grow systematically from the tip 
of the crown to the root and this occurs at relatively consistent ages for each tooth (Hillson 
2005). Though both genetic and environmental factors may affect tooth growth and development 
(Heuzé and Cardoso 2008; Massler et al. 1941), it is widely accepted that tooth development 
shows less chronological variability and fluctuation than skeletal growth and development 
parameters (Bang 1989; Bolaños et al. 2000; Gustafson & Koch 1974; Hoppa and Fitzgerald 
1999; Humphrey 2000a; Liversidge and Molleson 2004; Moorrees et al. 1963b; Satterlee Blake 
2018). Estimation of chronological age using dental development has also been found to be more 
accurate in younger infants and children (AlQahtani et al. 2014; Bolaños et al. 2000; Lewis 
2007). Consequently, within this study, dental age estimates are used as a proxy for 
chronological age. Tooth cusp development was recorded using Moorrees et al. (1963a; 1963b) 
and age-at-death estimates attributed using the dental development atlas developed by AlQahtani 
et al. (2010).  
 
Metric assessment of fetal, perinatal and infant skeletal remains is the most commonly used 
method for estimating chronological age-at-death in this very young age group (Humphrey 
2000b; Lewis 2007; Utczas et al. 2017). Diaphyseal length measurements of the femora, tibiae, 
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and humeri were recorded and gestational age-at-death estimates calculated using the published 
linear regression equations by Scheuer et al. (1980). However, it has been widely accepted that 
the relationship between diaphyseal length and chronological age is not a reliable one (Lewis 
2007). Long bone growth is known to arrest during periods of nutritional deficiency or infectious 
disease and has therefore been shown to be a sensitive marker of physiological stress (McDade et 
al. 2008; Pomeroy et al. 2012). 
 
Health Disruption  
Bioarchaeological interpretations of health rely on the identification and interpretation of skeletal 
lesions, as well as changes consistent with evidence of growth disruption, as mentioned 
previously (Armelagos and Goodman 1991; Goodman et al. 1988; Goodman and Martin 2002; 
Reitsema and McIlvaine 2014). Evidence of these skeletal markers are commonly referred to as 
‘stress indicators’ (Goodman et al. 1988; Goodman and Martin 2002; Lewis and Roberts 1997; 
Reitsema and McIlvaine 2014) and can represent a variety of pathological conditions such as 
specific and non-specific infections, trauma and metabolic disturbances (Goodman and Martin 
2002; Reitsema and McIlvaine 2014).  
 
Stressors are considered to be those factors that have a negative and detrimental impact upon 
growth and health (Goodman et al. 1988; Goodman and Armelagos 1989; Reitsema and 
McIlvaine 2014). Thus, stress and stressors are correlated with both metric (growth) and 
pathological (disease) changes, suggested to be indicative of a physiological response to 
adversity (Bush 1991). Stressors in this context include factors which influence pre- and 
postnatal life, such as maternal health/disease status, intra- and extrauterine nutrition, social, 
cultural and environmental variables, as well as the genetic predisposition and inherited fragility 
of the child. Consequently, stressors are defined as the multitude of both intrinsic and extrinsic 
factors that can affect and alter normal growth and health (Bush and Zvelebil 1991; Goodman 
and Armelagos 1988; Goodman et al. 1988).  
 
For the purposes of this study, stress was assessed by macroscopic assessment of pathological 
lesions identified on the fetal, perinatal and infant skeletons. Descriptions and photographs of 
each pathological change/lesion was taken by the first author. In particular, evidence for 
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pathological new bone formation (NBF), lytic lesions, metaphyseal expansion and evidence of 
limb bowing were recorded (See Fig. 1). Table 2. outlines the features recorded for each 
pathological lesion for the purposes of this analysis.  
 
Mum’s the Word: The Mother-Infant Nexus 
Since the 1980s, Barker and colleagues (e.g. Barker and Osmond 1986; Barker 1994) have 
revealed the significant impact of prenatal exposure to stressors on future growth and health 
(Halfon et al. 2014; Luo et al. 2006; 2010). These life course models (e.g. Developmental 
Origins of Health and Disease (DOHaD) hypothesis) suggest that short- and long-term health 
outcomes are not a product of genetic endowment alone, but are also regulated by environmental, 
social, cultural and psychological factors experienced in early life (Agarwal 2016; Barker et al. 
2002; Halfon et al. 2014; Thorsell and Nätt 2016). A high degree of plasticity during the pre- and 
postnatal periods (Gowland 2015; Agarwal 2016; Said-Mohamed et al. 2018; Satterlee Blake 
2018; Wadhwa et al. 2011) means that offspring growth and health status reflects the varying 
maternal and environmental exposures encountered. Furthermore, both previous and existing 
maternal life course experiences can impact upon the growing fetus/perinate/infant (Barker et al. 
2012; Gowland 2015; Redfern 2003; Said-Mohamed et al. 2018).  
 
Exposure to a variety of conditions/stressors can result in epigenetic changes, those affecting 
gene expression, rather than the underlying DNA sequence (Cattaneo 1991; Chmurzynska 2010; 
Glover 2015; Halfon et al. 2014; Kuzawa 2012; Mortier and Vanden Berghe 2012). Epigenetic 
changes predispose our susceptibility, and/or resilience to disease, through altering the structure 
and function of various biological systems (Barker et al. 2012; Cameron and Demerath 2002; 
Chmurzynska 2010; Luo et al. 2006; Mortier and Vanden Berghe 2012; Slack 1991). 
Importantly, immune function has been found to alter as a consequence of prenatal stress 
exposure (Boersma and Tamashiro 2015). Furthermore, some epigenetic traits can become 
‘embedded’, transferred from parent to child, and subsequently to grandchild, suggesting 
epigenetic signatures may be transmitted over multiple generations (Boersma and Tamashiro 
2015; Glover 2015; Gowland 2015; Halfon et al. 2014; Kuzawa and Quinn 2009; Satterlee Blake 
2018; Thorsell and Nätt 2016;). Holland-Jones (2005) has termed this a ‘downstream effect’. The 
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recognition that prenatal life can be influenced by previous multi-generational experiences 
challenges our ability to determine when an individual’s biography truly begins (Gowland 2015).  
 
Additionally, offspring experiences rely on maternal ability to supply and buffer nutrients and 
antibodies via both the placenta and lactation. Therefore, fetal, perinatal and infant life stages are 
inherently fragile, intricately bound to maternal life course experiences and wellbeing. As such, 
assessment of fetal, perinatal and infantile growth and health status provides a tangible reflection 
of maternal, as well as community, health and wellbeing (Baxter 2005; Goodman and Armelagos 
1989; Lewis 2007; Redfern 2003). 
 
Maternal-Offspring Stress: The Evidence 
Of the 136 individuals examined, all were assessed for evidence of pathological lesions. A total 
of 82 of these individuals had teeth available for age estimation. Diaphyseal lengths from the 
humerus, femur and tibia, were available in 93, 86 and 84 individuals respectively (Fig. 2).  
To assess evidence for growth disruption, skeletal age estimates for femoral, humeral and tibial 
measurements were compared to dental age, where possible (Table 3.). In total, 67 individuals 
had both dental and skeletal elements available for assessment. Average skeletal age estimates 
were consistently younger than dental age, with those in the infant age categories (> 46 GWA) 
demonstrating a difference of as much as 13 to 22 gestational weeks younger (Table 3.) In total 
51 individuals had femora, 60 humeri, and 48 tibiae measurements in addition to the dentition. 
Seventeen individuals had dental and skeletal age estimates for which even the widest extents of 
the error ranges do not overlap (Fig. 3), strongly indicative of growth disruption. Of these 17 
individuals, 10 were from the archaeological sample of Cross Bones, 5 were from St Brides’ 
Lower, and 1 individual was identified from the sites of Broadgate and St Thomas’ Hospital 
(Table 4.1). Though this is likely a product of sample size and differential preservation, around 
20% of individuals showed evidence of growth disruption in three of the sites (Table 4.1). 
Consideration of individual growth disruption by dental age estimate (Table 4.2) shows that 
those aged 58 GWA and 64 GWA had the highest prevalence of growth disruption.  
 
Examination of the cranial vault elements of 136 individuals has revealed that the frontal and 
parietal bones more commonly exhibit pathological lesions (of all types) than the occipital bone, 
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whilst the tibia is the most affected of the long bones (Table 5.1). For all the cranial elements 
new bone formation (NBF) is the most common pathological lesion identified, although the 
temporal bone shows the highest prevalence rate of lytic lesions (Table 5.2). NBF is also the 
most typical pathological lesion identified on the long bones, although metaphyseal expansion is 
also prevalent (Table 5.2). The NBF on the frontal bone and parietal bone was typically lamellar, 
whereas NBF on the other cranial bones was more commonly woven in nature (Table 5.3). 
Woven bone was also more frequently identified on the long bones than lamellar bone (Table 
5.3). Comparison of the location of both the NBF and lytic lesions shows that cranial elements 
were most commonly affected endocranially, whilst long bone elements were most frequently 
affected circumferentially or anteriorly (Table 5.4). 
 
Individuals from Cross Bones had the highest prevalence of lesions on their postcranial bones, 
with a very high number of individuals also having lesions on their cranial bones (Table 5.5). 
The results from the St Thomas’ Hospital sample is not representative in terms of pathology 
because of the very small sample size. When considered in terms of dental age (Table 5.6) both 
fetal and infant individuals exhibited pathological lesions. Pathological lesions were consistently 
present in all age categories for the cranial vault elements and similar prevalence rates were 
observed for the long bones. Pathological lesions on the tibiae show a relatively consistent 
prevalence rate for individuals aged between 38 and 58 GWA, with only those aged 64 GWA 
having a higher prevalence rate of lesions.  
 
Discussion 
Fetal, perinatal and infant individuals are widely considered to be the most vulnerable to adverse 
environmental conditions and experiences (Humphrey 2000a; Newman and Gowland 2017). 
With both an under-developed immune system (Halcrow and Tayles 2008; Perry 2006; Rogers 
1997), and a total reliance on others for care and well-being both pre- and postnatally (Lewis 
2017a), these young individuals are the most physiologically susceptible members of a 
community to health and growth disruption. Assessment of 136 individuals from four low status 
post-Medieval sites has provided evidence for the detrimental effects of such adverse 
environments for growth and health. Individuals from all four of the archaeological samples 
show evidence for delayed growth and disease, likely a result of the impoverished and squalid 
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conditions to which their mothers were exposed as members of the poorer class in London at this 
time.  
 
Delayed growth was observed in all age categories (Table 4.1), though post-natal infants (52, 58 
and 64 GWA) show the largest differences between dental and skeletal age estimates on average 
(Table 3). Increased evidence for growth disruption in the older age categories (52-64 GWA) 
may be indicative of a postnatal drop-off in growth. The ability for a mother, regardless of her 
own health status, to buffer the child from environmental and external factors is greater in utero 
than postnatally (Gowland 2015) – though passive immunity and nutritional buffering can be 
provided by breastfeeding (See Miller, this volume; Eisenberg et al. 2017; Lewis 2017b). 
Therefore, greater growth disruption in the infant age group may indicate that their postnatal 
buffering was insufficient to protect them from the extensive pathogenic environment into which 
they were born.  
 
Individuals within the 64 GWA dental age category also show a diverging growth trajectory 
between femoral, humeral and tibial elements, with larger differences between dental and tibial 
and humeral age estimates, than between the dentition and femur. Normal growth should result 
in all skeletal elements following a similar trajectory. Variation in growth, whereby one element 
appears to be disrupted or limited to a greater extent than other skeletal elements, is often 
considered to be a reflection of poor environment. In particular, the tibia is regarded as more 
susceptible to growth disruption (Pomeroy et al. 2012). The results of this study likewise indicate 
that the tibia, as well as the humerus, reflect the greatest growth disruption. Furthermore, this 
analysis shows that the tibia is the long bone which shows the highest prevalence rates of 
pathology (Table 5.1), corroborating the assumption that this bone is the most sensitive to growth 
disruption and health stress. 
 
Individuals showing prenatal growth disruption represent the most severely deprived, where 
maternal regulation of the intrauterine environment was highly compromised. Growth disparities 
within infants and older children have been widely documented, particularly in regards to 
varying socioeconomic status and poverty factors (Sinclair 1985). Results of this study suggest 
that socioeconomic and environmental impacts on growth can be traced in individuals of much 
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younger ages, and even within pre- and perinatal individuals. This study has shown that 
individuals aged dentally to be as young as 38 GWA show evidence of growth disruption. 
Growth delay is a cumulative process, whereby evidence for disruption increases as the 
individual continues to be exposed to the stressor. For significant growth changes to occur in 
individuals as young as 38 GWA, chronic exposure to poor health and nutrition throughout the 
prenatal period is likely.  
 
Individuals of all ages had pathological skeletal changes, indicative of both a precarious pre- and 
postnatal environment. This provides evidence for very poor maternal health, to the extent that 
mothers were unable to adequately buffer their developing infant from adversity. The 
identification of high prevalence rates of pathological lesions in postnatal infants (Table 5.6) 
suggests that maternal health and/or the ability to care for the offspring continued to be severely 
compromised into the postpartum environment, ultimately leading to the death of the infant. 
 
One note of caution that is frequently highlighted in relation to the diagnosis of pathological 
lesions in fetal/infant remains is the differentiation between abnormal bone changes and normal 
growth (Lewis 2017a: 3). In this study there is a clear link between growth disruption and 
pathological lesions suggesting that the NBF observed was not related to normal growth. 
Furthermore, a number of the pathological changes were very dissimilar to the type of woven 
bone produced during the normal growth processes (i.e. very thickened layers of lamellar and 
woven bone, metaphyseal expansion and porosity). Finally, if the new bone formation identified 
on the postcranial elements was solely a consequence of normal bone growth one would expect 
to see it on at least some elements of all individuals during this period of rapid growth, but this 
was not the case. 
 
Cranial lesions were found to be present in all individuals, regardless of age. This may suggest 
that these lesions are ‘normal’, although it is important to remember that this sample represents 
deceased infants. Evidence here suggests that a substantial proportion of these were likely to 
have been chronically ill due to the correlation between cranial and post-cranial skeletal lesions, 
in addition to growth deficits. It is well known that in times of stress, the body prioritises growth 
of particular skeletal and soft-tissue structures, with the brain sitting at the top of this 
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physiological hierarchy (Agarwal 2016; Barker et al. 2012; Said-Mohamed et al. 2018); Infants 
dedicate up to 87% of their resting metabolic rate to brain development (Bogin 2001, 2012; Said-
Mohamed et al. 2018). This prioritisation requires the cranial bones to be equally adequately 
developed (Karsenty and Kronenberg 2003). Therefore, the speed of growth within bones of the 
cranium is considered to be a reflection of the rapidity of brain growth during this age (Lewis 
2007; Scheuer and Black 2000b). When growth disruption is experienced, there is often a trade-
off between skeletal structures (Barker et al. 2012; Said-Mohamed et al. 2018). Typically, 
longitudinal growth of the long bones is arrested in favour of continued development of the brain 
and bones of the cranium (Aiello and Wells 2002; Kuzawa et al. 2014; Said-Mohamed et al. 
2018; Sandman et al. 2016). Within this sample there is evidence of longitudinal growth 
disruption in the postcranial limb bones, alongside a high prevalence of lesions within the 
cranium. Almost all of the cranial lesions are NBF, which is lamellar in nature, indicative of a 
healing response. Therefore, increased evidence of pathological changes within the cranium may 
suggest the body trying to maintain growth in these elements despite adversity as evidenced in 
the postcranial bones.   
 
Diseases of poverty are typically those associated with nutritional deficiency as a result of 
reduced food intake and a limited diversity of available foodstuffs (Dowler and Dobson 1997). 
NBF and metaphyseal expansion, where the metaphyses splay (see Fig. 1), on the long bones are 
pathological changes consistent with metabolic deficiencies. Vitamin C and vitamin D 
deficiencies are the most commonly considered metabolic diseases within the bioarchaeological 
literature because evidence of their skeletal markers can be commonly recognised. However, the 
synergistic effects of nutritional insufficiencies alongside infectious disease means that 
pinpointing a specific cause on the basis of skeletal lesions can be problematic. Nevertheless, 
vitamin D deficiency can be inferred due to bowing identified within some of the limb bones 
assessed (N=12). Although these individuals were too young for their limbs to have been weight-
bearing, intrauterine restriction can be responsible for these changes (Abbott 1901) and have 
been identified clinically in cases of congenital rickets (Anatoliotaki et al. 2003; Innes et al. 
2002). Consequently, evidence for expansion at the metaphyses, combined with extensive 
expansion of the trabecular bone structure, suggests that many of the individuals, and 
subsequently their mothers, were chronically vitamin D deficient. Similarly, scurvy has been 
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identified clinically within fetal and perinatal individuals (Besbes et al. 2010) and is considered 
to occur when maternal intake of fresh fruit and vegetables is low (Brickley and Ives 2006). 
Skeletal changes consistent with vitamin C deficiency also includes expansion of the metaphyses 
and periosteal NBF as a consequence of weakened blood vessels which easily rupture and 
haemorrhage (Aufderheide & Rodríguez-Martín 1998; Brickley and Ives 2006; Besbes et al. 
2010). As such, pathological lesions identified within the samples assessed may also be 
consistent with Vitamin C deficiency. Vitamin C deficiency has traditionally been suggested to 
only be observable in the skeleton after ~6 months of chronic deficiency, although this has been 
recently disputed (Snoddy et al. 2018) and it is likely that it will manifest more quickly during 
the rapid growth and energetic demands of the intrauterine period (Brickley and Ives 2006; Mays 
2014). Skeletal evidence for Vitamin C deficiency within the sample suggests severe prenatal 
deficiency as a consequence of maternal insufficiency.  
 
Urban environments during the post-Medieval period were hotbeds for a range of infectious 
diseases such as cholera, smallpox, measles, whooping cough, tuberculosis, scarlet fever and 
typhoid (Lewis 2002b; Forbes 1972). The overcrowding and lack of sanitary housing for those in 
London’s slums exposed them to a higher risk of infection. Poverty is the most predominant 
factor regulating health, growth and mortality (Feinstein 1993). There is an intrinsic link between 
immune function and social position, with exposure to stressful early life environments altering 
immunity and regulation of bodily responses to infections (Babones 2008). This means that 
maternal stress will predispose individuals to inadequate immune responses and therefore 
susceptibility to disease. The fetal, perinatal and infant remains from Cross Bones, a burial 
ground for the very poorest individuals, shows the greatest evidence for health and growth 
disruption, indicative of an inability to regulate and overcome stressors. Southwark, in which 
Cross Bones is situated, was described as ‘…nurseries…of the begging poor that swarm within 
the City’ (Beier 1978). A recent study by Newman and Gowland (2017) examining the skeletal 
remains of older infants and children also highlight Cross Bones as the sample showing greatest 
growth and health disruption as a consequence of increased morbidity and mortality risks. 
 
In addition to poor living conditions, pregnancy-related cultural practices, and treatment and care 
of the child once born will impact upon growth and health status (Finlay 2013; Satterlee Blake 
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2018; e.g. Wilkie 2013). Many low social status women in the 19th century had to return to work 
as soon as possible after birth, as household economies often relied on both parents earning an 
income (Boulton 2000). In such circumstances, the infant may not have been breastfed, and 
instead left in the care of elderly parents, neighbours or siblings (Boulton 2000). Breastfeeding 
practices are strongly regulated by social status (DeWitte et al. 2016; Fildes 1988, 1995; Nitsch 
et al. 2011). Perinates and infants who are artificially fed have been found to have increased 
disease and mortality risks (DeWitte et al. 2016; Fildes 1995). Though wet-nursing was popular 
among the higher social strata during the period in question, dry-feeding (mixture of grains, 
water, broth and milk) became popular throughout society (DeWitte et al. 2016). Breastmilk is 
important for both the nutritional and immunological wellbeing of the infant (See Miller see 
volume; Lewis 2017b; Eisenberg et al. 2017). Breastmilk enables the transfer of maternal 
antibodies, as well as triggering the infant’s own immune system and functioning (DeWitte et al. 
2016). Maternal breast milk is also known to have high concentrations of vitamin A, needed to 
sustain rapid growth in the postpartum environment (Fujita et al. 2017). Therefore, restriction 
and withholding of this dietary resource predisposes the infant to increased disease susceptibility. 
Growth and health disruption identified in postnatal infants may reflect the lack of breastfeeding, 
or the mother being simply unable to feed the child as a result of her own failing health or death 
in childbirth.   
 
No individuals, from any of the samples, were dentally aged to be fetal (< 36 GWA); however, 
dental remains are less likely to be retrieved at excavation in such young infants. By contrast, a 
total of 35 individuals had femoral age estimates which fall into the fetal age range, with 36 
individuals having tibial, and 39 individuals having humeral diaphyseal length measurements 
which generate fetal age-at-death estimates. The youngest age estimates for the femora, tibiae 
and humeri were 26, 25 and 26 GWA respectively (Fig. 2), suggesting that stillborn or 
miscarried infants were not unilaterally excluded from burial within the cemeteries.  
 
Increasing research into epigenetics and phenotypic plasticity has established a link between 
early life stress and intergenerational consequences (Gowland 2015; Mays et al. 2017; e.g. 
Bateson et al. 2004). Ultimately, adverse early life experiences decrease longevity and increase 
frailty (Gowland 2015). Adaptive phenotypic consequences become integral to future 
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generations’ genetic structure, meaning what was an adaptive response by one individual 
becomes the basis of ‘future life history tactics’ in the offspring (Holland Jones 2005). This 
potentially predisposes offspring to (mal)adaptation in response to the adverse or beneficial 
environments experienced. Thus, the health and growth disruption identified within these infants 
may represent multigenerational, cumulative consequences of deprived living environments. 
Maternal health status was severely compromised, but this may well have been an accumulation 
of poor health that began with her own mother and grandmother and does not simply reflect the 
nine-month gestational window (Richardson et al. 2014). 
 
Conclusion 
The urban squalor and poor nutrition that characterised the lives of the poor in post-medieval 
London is known to have had a detrimental effect on health and life expectancy. This study is the 
first to examine the effect of this environment on the infant/mother nexus and the devastating 
consequences of extreme poverty on the growth and health of infants. Evidence of, in some 
instances very severe growth disruption, along with high prevalence rates of pathological lesions, 
highlights the woeful state of maternal, and by extension, female health during this period. This 
research has resonance for developing and post-industrial cities of today, in which stark 
differences in infant mortality between the richest and the poorest still exist. It highlights the 
importance of investing in, not only maternal health, but the health of all women, whatever their 
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TABLE 1. Number of individuals with dental and skeletal elements available for assessment by 















Overall Total   136 82 86 84 93 
Category Variable 
Location Cranial or Postcranial 
Skeletal Element e.g. Femur, Tibia, Frontal Bone 
Aspect e.g. Endocranial, Anterior, Circumferentially 
Type I NBF, Lytic, Metaphyseal Extension, Morphological change. 
Type II Woven, Lamellar and/or Spiculated 
32 
 




    
Dental Age (N) Mean Skeletal Age Difference (GWA) 
FEMUR 
38 8 32.3 5.7 
39 2 33.9 5.1 
40 1 39.2 0.8 
43 2 36.3 6.7 
46 10 36.5 9.5 
52 22 38.8 13.2 
58 5 41.2 16.8 
64 1 46.7 17.3 
HUMERUS 
38 8 32.9 5.1 
39 4 32.5 6.5 
43 3 37.0 6 
46 12 36.9 9.1 
52 25 38.7 13.3 
58 6 41.9 16.1 
64 2 42.1 21.9 
TIBIA 
38 7 32.5 5.5 
39 3 33.3 5.7 
43 2 36.4 6.6 
46 8 36.9 9.1 
52 19 38.8 13.2 
58 6 41.2 16.8 











TABLE 4.1 Number and percentage of individuals with growth disruption by archaeological 
sample. Though individuals from St Thomas’ Hospital show the highest frequency of growth 






TABLE 4.2 Number and percentage of individuals with growth disruption by dental age. 
 
Sample Total N  
N Growth 
Disruption 
% Growth Disruption 
Broadgate 6 1 17 
St Thomas’ Hospital 2 1 50 
St Bride’s Lower 24 5 21 
Cross Bones 35 10 29 
Dental Age (GWA) Total N  
N Growth 
Disruption 
% Growth Disruption 
38 10 3 30 
39 4 2 50 
40 1 - - 
43 3 - - 
46 13 - - 
52 26 5 19 
58 7 4 57 
64 3 3 100 
35 
 





 Observed (N) Affected (N) Affected (%) 
Frontal Bone 85 84 98.8 
Parietal 75 74 98.7 
Occipital 109 75 68.8 
Temporal 85 9 10.6 
Sphenoid 83 13 15.7 
Zygomatic 50 1 2.0 
Humerus 118 14 11.9 
Radius 109 6 5.5 
Ulna 108 5 4.6 
Femur 111 21 18.9 
Tibia 101 26 25.7 
Fibula 94 5 5.3 
36 
 













  N % N % N % N % N % 
Frontal Bone 84 
7
9 94 2 2 3 4 - - - - 
Parietal Bone 74 
7
3 99 1 1 0 0 - - - - 
Occipital Bone 75 
7
2 96 2 3 1 1 - - - - 
Temporal 
Bone 9 7 78 2 
2
2 0 0 - - - - 
Sphenoid 13 
1
0 77 0 0 1 8 - - 2 15 
Zygomatic 1 1 
10
0 0 0 0 0 - - - - 
Humerus 14 
1
1 79 0 0 0 0 5 36 1 7 
Radius 6 4 67 0 0 0 0 4 67 2 33 
Ulna 5 4 80 0 0 0 0 3 60 1 20 
Femur 21 
1
4 67 0 0 0 0 11 52 3 14 
Tibia 26 
2
1 81 0 0 0 0 7 27 3 12 






TABLE 5.3 Of those with NBF, number and percentage of lesions by type of bone formation. 
 





Woven Lamellar Woven & Lamellar Spiculated 
N % N % N % N % 
Frontal Bone 82 20 24 51 62 11 13 0 0 
Parietal 73 15 21 55 75 3 4 0 0 
Occipital 73 66 90 5 7 2 3 0 0 
Temporal 7 5 71 2 29 0 0 0 0 
Sphenoid 10 10 100 0 0 0 0 1 10 
Zygomatic 1 0 0 1 100 0 0 0 0 
Humerus 11 7 64 4 36 0 0 0 0 
Radius 4 2 50 2 50 0 0 0 0 
Ulna 4 3 75 1 25 0 0 0 0 
Femur 14 12 86 2 14 0 0 0 0 
Tibia 21 18 86 3 14 0 0 0 0 



















Bone 79 1 4 - - - - - 
Parietal 73 0 1 - - - - - 
Occipit
al 75 0 0 - - - - - 
Tempor
al 9 0 0 - - - - - 
Spheno
id 10 0 1 - - - - - 
Zygom
atic 0 1 0 - - - - - 
Humer
us - - - 0 1 0 2 8 
Radius - - - 2 0 1 0 1 
Ulna - - - 3 0 1 0 0 
Femur - - - 5 2 0 0 7 
Tibia - - - 8 5 0 0 8 
Fibula - - - 2 0 0 0 0 
38 
 







TABLE 5.6 Percentage of individuals with pathological lesions by dental age for each of the 


















Broadgate 21 3 14 17 12 71 
St Thomas' 
Hospital 3 2 67 5 2 40 
St Bride's 
Lower 52 10 19 46 39 85 









Humerus Radius Ulna Femur Tibia Fibula 
38 100 100 33 30 11 13 25 29 0 
39 100 100 50 0 0 0 0 0 0 
40 100 100 100 - - - 0 - - 
43 100 100 100 67 33 0 67 33 33 
46 100 100 80 8 0 0 9 25 0 
52 100 100 81 4 4 4 20 18 0 
58 100 100 75 0 0 0 13 25 0 
64 100 100 86 22 33 29 43 60 40 
76 - - 100 - - - - - - 
82 0 0 0 - - - - - - 
